Abstract-In this paper a sliding mode control (SMC) of DC machine is presented. The main arguments in favor of sliding mode control are order reduction, decoupling design procedure, fast response, disturbances rejection, and insensitivity to parameter variations. In SMC with unmodelled dynamics chattering phenomenon is eliminated by constructing the sliding manifold based on reduced order model of the system with observer state. In case of high order models of electric machines, non-linear ties in motion equations; uncertainties in model parameters and disturbances are the main obstacles for development and rigorous mathematical analysis of such systems. The simulation result depicts that the integral square error (ISE) performance index for reduced order model of the system with observer state is better than reduced order with measured state.
I. INTRODUCTION
Variable structure control (VSC) with sliding mode control was first proposed and elaborated in early 1950 in USSR by Emelyanov and several co researchers. VSC has developed into a general design method for wide spectrum of system types including nonlinear system, MIMO systems, discrete time models, large scale and infinite dimensional systems [1] , [2] , [3] . The most distinguished feature of VSC is its ability to result in very robust control systems; in many cases invariant control systems results. Loosely speaking, the term "invariant" means that the system is completely insensitive to parametric uncertainty and external disturbances.
In this paper different sliding mode control strategies are formulated for different control objectives (torque control, position control and speed control) of dc machine. All the design procedures will be carried out in the physical coordinates to make explanations as clear as possible. The unified approach is developed to imply that the performance index ISE describe the goodness of system response.
Simulation results will be presented to show their agreement with theoretical predications. Implementation of sliding mode control implies high frequency switching. It does not cause any difficulties when electric drives are controlled since the "on -off" operation mode is the only admissible one for power converters. Fig.1 shows the model of DC motor with constant excitation is given by Fig.1 Model of DC motor with constant excitation following state equations [4] , [5] , [6] . 
II. DYNAMIC MODELLING OF DC MACHINE
Where 0 u denotes the supplied armature voltage.
Choice of control 0 u as 
The sliding surface and discontinuous control are designed as
0 ( ) u u sign s = This design makes the speed tracking error e converges to zero exponentially after sliding mode occurs in 0 s = , where c is a positive constant determining the convergence rate .for implementation of control (6), angle of acceleration 2 x e = is needed. The system motion is independent of parameters 1 2 , , a a b and disturbances in g(t).
Combining (1) & (6) produces
Then sliding mode will happen [3] , [7] . The mechanical motion of a dc motor is normally much slower then electromagnetic dynamics. It means that L j << in (1). Following reduced order control methods proposed below will solve chattering problem without measuring of current and acceleration 2 ( ) x .
Speed tracking error is 
The principle advantage of the reduced order based method is that the angle acceleration 2 ( ) x e = is not needed for designing sliding mode control [2] . The unmodelled dynamics (1) may excite non-admissible chattering. Let us design an a asymptotic observer to estimate e w [3] , [7] 
And ˆ0 & 0 w τ = = . Chattering can be eliminated by using reduce observer states. The sliding mod occurs in the observer loop, which does not contain unmodelled dynamics.
C. Position control
To consider the position control issue, it is necessary to augment the motor equations (1) 
So sliding mode can be enforced in 0 s = .
IV.
SIMULATION RESULTS To show the performance of the system the simulation result for the speed control of dc machine is depicted. Rated parameters of the dc motor used to verify the design principle are 5 hp, 240v,R=0.5 ȍ, L=1mH,j =0.001kgm Fig. 3 reveals that variation of the controller for reduced order speed control with observed speed at load condition. Fig. 4 depicts the response of sliding surface in sliding mode control. Fig. 5 depicts the robustness (insensitivity) to parameters (+10%) variation. Fig.  6 depicts the robustness (insensitivity) to parameters (-10%) variation. The high frequency chatter is due to neglecting the fast dynamics i.e. dynamics of the electric of the electric part. In order to reduce the weighting of the large initial error & to Penalise small error occurring later in response move heavily, the following performance index is proposed .The integral square error (ISE) is given by [8] The SMC approach to speed control of dc machines is discussed. Both theoretical and implementation result speed control based on reduced order with measured speed and reduced order with observer speed, using simulation are conducted. Besides, reduced order observer deals with the chattering problem, en-counted often in sliding mode. Control area Selection of the control variable (angular position, speed, torque) leaves basic control structures unchanged. Inspection of fig. 2(a), 2(b) , 2(c)&2(d) reveals that reduced order speed control with observer speed produces smaller overshoot & oscillation than the reduced order speed with measure speed. The system is proven to be robust to the parameters variations, order reduction, fast response, and robustness to disturbances. 
